The radius of action of surface forces and the thickness of the surface zone in which the properties of the liquid are altered are two quantities of the greatest importance in the science of surface phenomena. Certain phenomena are very sensitive to the radius of the surface forces and to the law governing the decrease of these forces with distance. In this dass may be mentioned transfer phenomena in disperse systems and capillaries, which play such an important role in chemical technology and industry, phenomena accompanying the overlapping of the surface zones of the two phase boundaries when the distance between them is small, heterogeneaus formation of a new phase, and a number of others.
INTRODUCTION
The radius of action of surface forces and the thickness of the surface zone in which the properties of the liquid are altered are two quantities of the greatest importance in the science of surface phenomena. Certain phenomena are very sensitive to the radius of the surface forces and to the law governing the decrease of these forces with distance. In this dass may be mentioned transfer phenomena in disperse systems and capillaries, which play such an important role in chemical technology and industry, phenomena accompanying the overlapping of the surface zones of the two phase boundaries when the distance between them is small, heterogeneaus formation of a new phase, and a number of others.
This paperwill cover information obtained recently during sturlies in the USSR and elsewhere on surface forces.
Interpretation of the results will be based on the existence of surface forces of the following kinds: (i) electrostatic forces acting in the regions of electric double layers, (ii) van der Waals forces, and (iii) forces which are notreducible to ( i) and ( ii) and are capable of changing the structure of the surface layers ofliquids.
In cantrast to these forces, forces ( i) and ( ii) can change only the concentrations of dissolved ions or molecules and the pressure distribution in the boundary layers of liquids.
INFORMATION ON SURFACE FORCES, BASEDON PHENOMENA OF SURFACE ZONES OVERLAPPING
Even when considering the behaviour of thin films (e.g. soap films), Gibbs's thermodynamic treatment deals only with cases where there is a part inside the film that retains the properdes of the bulk liquid phase. This is evidently due to the fact that there were no experimental or theoretical investigations at that time which could give the impetus and the material for discussing the opposite case where the surface zones of both the film interfaces overlap. Meanwhile, it appears that this case can be interpreted in the simplest, most rigorous and general manner by a modification of Gibbs's method, the possibility of which was also mentioned by Gibbs, wherein the film is regarded as a single surface of discontinuity instead oftwo independent ones. Using the samefundamental methods of surface phenomena thermodynamics, this approach is advantageaus inasmuch as it makes possible the treatment offilms, including Perrin's bimolecular films, in a uniform manner, without introducing as one of the parameters the film thickness, a quantity which cannot be exactly determined. At the same time, in the case of symmetrical (say, foam) films, any superficial densities of thermodynamic functions or of masses are determined unambiguously, independently of the choice of position of the geometrical interface.
This approach was usedl by the present author in collaboration with Martynov and Gutop for the case of a film containing three components ("soap", "water", "gas"), the second and third of which are also contained in the phase surrounding the film; this provides the preset chemical potential values M 2 and Ma of these components in the film. It is convenient to take the following function as the thermodynamic potential ofthe film: (1) where F = free energy of the system film + gas, V = its volume, P = pressure, A = film area, u = its "total" tension, and Nt, N2, and Na = the numbers of molecules of the respective components. On differentiation, the following expression is obtained: dFs = -Ssd T -N2sdM2 -Na 8 dMa + udA + MtdNt (2) where the superior s indicates that a superficial excess of the corresponding value is taken.
The following equation can be taken as the equation of state of the film (the fundamental equation in the Gibbs sense):
The thermodynamic potential F 8 can be expressed in terms of u as:
where a = 1/Ft and rp(T, M2, Ma) is the chemical potential ofthe firstcomponent in the bulk phase into which the film degenerates when its area is infinitely contracted.
Finally, integrating (1) by parts we obtain forMt in the general case:
In our interpretation the value of Tt substitutes in a sense the film thickness, though, generally speaking, it is not proportional to the latter. It can easily be proved that the following inequality serves as the condition of thermodynamic stability of the film (in the sense of metastable, i.e. relative, equilibrium):
Referring to equilibrium states, condition (6) differs radically from the Marangoni-Gibbs principle, in which OCT/ arl differs from zero in films with non-overlapping surface zones because equilibrium relative to the solvent (the second component, i.e. water) with the ambient phase takes a considerably Ionger time to become established than the time of extension of the film area in question. Therefore, the indefinitely long, equilibrium, stable existence of free films of uniform thickness cannot be accounted for by the Marongoni-Gibbs principle and is compatible only with satisfying the thermodynamic condition (6) . Conversely, if it is violated, the least casual local thickening of the film will inevitably occur, and no passive resistance will be able to prevent rupture of the film.
It follows from the general applicability of the interpretation we have developed that the principle just stated can be applied to films of any thickness, including black bimolecular Perrin's films, quite irrespective of their non-thermodynamic properties (e.g. viscosity) . A special question is that of the possible kinetic mechanism of rupture of a film satisfying the stability condition (6) . This process is similar in many respecrs to the formation of the nucleus of a new phase, say, a bubble in a liquid under a negative pressure or in a superheated liquid. In particular, the probability of rupture, like the probability of cavitation formation of a bubble nucleus, should depend exponentially on the main factor of the process, i.e. the work of formation of a hole in the film, capable of avalanche-like expansion or, more generally, oflocal thinning which, in contrast to the initial, metastable state, would ~orrespond to a labile state violating condition(6)t.
The activation energy corresponding to the la tter process was first examined by De Vries 2 , andin a different form, by Scheludko3. The quantitative theory of spontaneaus rupture was developed by Deryaguin and Gutop4. As a result, the following formula was derived for the average lifetime -r of a film of area A :
T= A n vPokT (7) where 1J = the two-dimensional shear viscosity of the film, y = the work of formation of unit length of the rupture line, CT = the film tension, k = Boltzmann's constant, and n = the number ofholes of molecular dimensions arising fluctuationally per unit film area. The latter can be assessed only very approximately and equals so mething of the order of I 011-I Q13 cm -2. The exact value ofthe parameter E, which lies within the limits 0 < E < 1, is of little importance.
For the work of formation of a hole nucleus, the activation energy, contained in the exponent, is the main stability factor and depends, in its turn, chiefly on the work of formation of the rupture line per unit length y. The film viscosity is contained as a pre-exponential factor and, therefore, its effect is Ip.Uch weaker. Hence, it follows that the "tensile strength of the film" can be expressed mainly in terms of the thermodynamic values y, CT, T, and is independent ofits viscosity and other rheological or mechanical properties.
t There may also be processes of jumpwise thinning which result in a metastable state satisfying condition (6) : such are the processes of formation of black spots on films.
It should be pointed out that numerical estimation ofthe y values necessary to impart a considerable lifetime to the film results in quite plausible values of the order of 0·5 I0-5 dyne.
The same thermodynamic interpretation, with the definite form of the dependence a = a (F 1 ) shown in Figure 1 , accounts for the equilibrium coexistence, established experimentally at an earlier date, of two uniformly c Figure 1 . Form of the fundamental equation of a free film accounting for the co-existence of sections of dissimi1ar thickness thick areas of different thicknesses (non-equal rl values) on free films; it follows from the conditions of equality of the values of a and M1 that the shaded areas in Figure 1 must be equal, which makes it possible to find the values a1 = 1/(FI)I and a2 = lj(F1)2 corresponding to the co-existing areas.
Fora certain form of the a vs. a curve ( Figure 2 ) the value of a1 may equal Frumkin5, that a film with a = a 2 can be in equilibrium only with a bulk liquid phase, the surface of which forms contact angles () satisfying the condition:
U p till now the principal experimental method of studying the equation of state ofthin films with overlapping surface zones and the repulsive and attractive forces acting in them, has involved simultaneous measurement of the thicknesses and disjoining pressure of a film communicating with the bulk liquid phase, to the thinning of which it owes its formation. The disjoining pressure in this case is the difference6:
Il=P2-P1 (9) of pre~sures P2 of the phase in which the film is situated and P1 of the phase which gave rise to the film, in a state of equilibrium with the film, characterized by a certain thickness or the value of r l· It may be considered that, owing to the repulsive or attractive forces acting in the film when its surface zones overlap, the film develops an additional pressure II in excess of the pressure it would have had in the liquid phase due to Pascal's law. Equilibrium films fix.ed between two bubbles can be realized only with a positive value of II. However, by considering the dynamic equilibrium between II and the viscous resistance to thinning of the film when the latterissmall in size, the values of II corresponding to labile stat~ of the film can also be measured, as Scheludko has shown 7. The thermodynamic rela tions: ... (10) is easily derived, p 1 being the concentration ofparticles ofthe first component in the bulk of the liquid phase.
In the case where the second and third components are contained only in the gas phase the following relations is obtained instead of (10):
It is evident from these relations that a knowledge of the dependence
, and thus, the disjoining pressure II may also be employed to construct a fundamental equation, but possesses the advantage of being easier to measure in strictly equilibrium conditions, because the latter are more easily observed in the case of a microscopic film between two bubbles.
It also follows from {10), or (10'), and (6) that the condition of film stability isS:
In most experimental sturlies optical methods of measuring film or gap thicknesses h were used, and, accordingly, the dependence determined was II(h), which was subsequently interpreted as the result of the joint action of van der Waals attraction and electrostatic repulsion forces ( or only of the former). This made it possible to obtain the values ofthe Hamaker or Kasimir-Lifshitz proportionality constants (A or B, respectively) in the van der Waals force action law9:
A Ilv = -Jis or, for large h with allowance for electromagnetic lag:
Another method of determining A consists in measuring the critical value of the surface potential or ' -potential (which are close to each other) at which the thin film of an electrolyte solution becomes unstable, resulting in adhesion of the surfaces which it separates.
This method of calculating the constant A was employed for the first time by DeryaguinlO by applying the theoretically derived criterion of stability of weakly charged sols with a potential ': (13) (where d = the screening length, E = the dielectric permeability) to the coagulation of oil emulsions. I t was formd that A ~ 1 o-12 erg. A similar criterion of adhesion of hydrophobic mineral particles with potential ' to air bubbles: (14) was derivedll, by assuming the charge of the wetting film air surface tobe zero and considering that when the film reaches an unstable state flotation sets in at a maximum rate.
Measurements of the critical ' value for antimonite resulted in a value for this case of an asymmetrical film of A = 3 X I0-13 erg.
In this case A also has a positive sign, this being related to the hydrophobic nature of the "substrate". In the case of a mineral which is hydrophilic "in the bulk" and for which A < 0 in water, flotation can occur only if its surface is made hydrophobic by adsorption of a surface-active substance. The theory of this effect was developed as far back as 1957, by Nerpin 12 and independently by Scheludko, by taking account of only the London forces and assuming their action to be additive.
It follows from the calculations made on this basis that the disjoining pressure, expressed as a function of the wetting film thickness, takes the form of the dotted curve in Figure 3 which, in contrast to the original one, features Figure 3 . Disjoining pressure isotherm, accounting for the action of flotation collectors; --in the absence of collector,---in the presence of collector a potential well separated from the zone of high thicknesses by a potential barrier, the height ofwhich determines the possibility and kinetics ofrupture ofthe wetting film necessary13 for fl.otation attachment of the particle on the bubble surface; the strength of attachment, however, depends on the depth of the potential weiL The quantitative theory of the spontaneaus rupture of a wetting film in the presence of such an activation barrier developed by Deryaguin and Gutopl4 is, on the whole, in agreement with Eigeles's observations15 of the kinetics of ftotation attachment. However, for a strict quantitative verification of this mechanism of the action of fiotation collectors it would be very desirable to establish by direct experiment the existence of a potential barrier and to show that the disjoining pressure n is not very sensitive to the presence of the collector at wetting film thicknesses much greater than the thickness of the adsorbed monolayer. Such a verification is necessary, in particular, for the following reasons. First of all, the assumption that the molecular fields of the substrate and of the monolayer areadditive has no firm support and must be regarded as an approximation. However, the most important reason why this verification is necessary, is that an alternative explanation is possible for the action of monolayers in modifying the nature (hydrophobic or hydrophilic) of the substrate and the behaviour ofthe wetting films coating it. This explanation can be based on the idea of the existence of surface forces or effects of a third kind, which substantially alter the structure, and with it the properties, including the thermodynamic ones, of the polymolecular liquid layers adjacent to the surface in question. There are very many experimental facts which testify to the existence of such effects16, There is also proof of the fact that the forces or effects of the "third kind" are for the most part not determined by the action of the van der Waals potential of the bulk of the substrate, but depend markedly on the functional groups, e.g. hydroxyl groups, present on its surface. By way of a working hypothesis it may be suggested that on interaction with the molecules of polar liquids, particularly, through a hydrogen bond, these functional groups orient the molecules, and that this orientation, or, more generally, some kind ofspecific structure differing from the structure of the bulk liquid, spreads from layer to layer to adefinite depth .i.nto the latter. This Ieads to the formation of a liquid layer with specific properties. If it is assumed further, on the basis of a number of facts, that the transition to the bulk of the liquid is accompanied, as a rule, by a sudden change in properties at a certain interface situated at a definite distance from the "substrate", the idea of boundary phases is formulated.
Most of the information on the properties of boundary phases comes from investigations of kinetic effects in disperse systems and capillaries. Before outlining the results and conclusions obtained, a method of studying overlapping effects will be described. I t owes its simplicity to the fact that only the potential barrier arising when two crossed wires are brought close tagether in a liquid medium is measured without taking the trouble to determine thicknesses. This method, developed at an earlier date17, made it possible to verify the modern theory of stability of hydrophobic sols18 very accurately by using a model. Figure 4 shows the dependence of the height of the potential barriery Umax (recalculated for a fiat film) on the wire potential. The shape of the curves, i.e. their symmetry for symmetrical and asymmetry for asymmetrical electrolytes, and their saturation with growing surface charge, is qualitatively fully in keeping with the theory. By expressing the value of u as the difference between the electrostatic repulsion and the van der Waals attraction:
it can be shown that within the Iimits of accuracy of the measurements the experimental points coincide with the curves plotted theoretically after appropriate choice of the constant A. Thus, besides verification of theory, this method makes it possible to determine Hamaker's constant A. Table I gives the values of A for various metals and electrolyte solutions. Owing to the rather low accuracy of determination of A, the data obtained are compatible with the fairly probable assumption regarding the very small dependence of A on the composition of the solution at low electrolyte concentrations, and are at the same time a distinct indication of the strong influence of the nature of the metal.
With rising electrolyte concentration the potential barrier tends to a very small value, which no Ionger depends on the surface potential.
It is unexpected that with further growth of the electrolyte concentration this barrier, which is independent ofthe polarization ofthe wires, should rise again, exhibiting two maxima. Further evidence of the nonelectrostatic nature of this barrier (apart from its independence of the potential) is the low influence of the ionic charges on the concentration values corresponding to the extreme barrier values and the magnitude of these concentrations themselves. To study such barriers, which are not sensitive to the polarization ofthe wires, a much simpler, more convenient and shockproof apparatus was developed ( Figure 5 ). It consists oftwo wires, AB 1 and Figure 5 . Diagram of simplified crossed-wire procedure for determining potential barrier of wire contacting A1B, equally tensioned and crossing at an acute angle. Direct current is applied to A and Band passed through the circuit AB1A1B as long as there is no contact between the wires. If the lines of force of a permanent magnet NS pass along the shaded part of the plane of the circuit, the wires AB 1 and A1B will deform slightly to approach each other under the action of Ampere's forces (normal to the plane of Figure 5 ):
Wire

EFFECTS OF SURFACE FüRCES
(15) where L = the length of the parts of the wire in the magnetic field, H = the field intensity, and i = the current.
When the applied valtage was increased, i grew until the wires made contact at their point of intersection, because after that the current was shortcircuited and bypassed the lower loop.
Thus, the force F 0 necessary for the wires to come into contact was proportional to the maximum 'throw' of the galvanometer pointer i 0 • If the initial distance between the wires close to the crossing, controlled by a microscope, was of the order of2 or 3 fJ. and the wire diameterwas not more than 10-20 (J., the force neceesary to cause contact was sufficiently small.
When a liquid was poured into cell C so as to submerge the wires, the force F "' i necessary to cause contact rose, usually satisfying the condition F ~ Fo, making it possible to assess it from the limiting current i without introducing any correction for io.
This method gives readily reproducible results if the surface of the wires is sufficiently smooth. Purification and oxide film removal were carried out as before 17 • The concentration dependences of the potential barriers obtained for various univalent electrolytes are shown in Figure 6 . I t can be seen that the 9 0 1·0 2·0 3·0
c, normality Figure 6 . Effect of cation nature on potential barriers of wire contacting in concentrated solutions of 1 : 1 electrolytes. A: CsCI, B: RbCI, C: RCI, D: NaCl, E: LiCl nature of the ion substantially affects the barrier. Similar double-humped dependences were obtained also for solutions of non-electrolytes, such as butyric acid. An attempt can be made to interpret all these facts as well as the very existence of such barriers, taking into account the dissimilar action ofvan der Waals forces from the boundary interfaces on the different molecules of the liquid mixture.
The pronounced rise of the barriers over the entire region of electrolyte concentrations under the influence of surface-active additives is illustrated in Figure 7 in which curve A corresponds to the addition of 0·01 per cent of OP -10 to sodium chloride solution of concentration c, plotted along the abscissa axis, and curve B, to the absence of OP -10. The result obtained is evidently difficult to account for without referring to forces of the third kind generated by the hydrophilic groups of the adsorbed OP -10 molecules and their interaction with the water molecules through hydrogen bonds.
An effect related to this evidently lies at the basis of the observation of Glasman and Sapon19 of the sharp rise in the electrolyte coagulation threshholds under the influence of non-ionogenic surface-active substances such as polyglycol ethers with an ethoxy chain, e.g. C1sH370(CH2CH20)nH.
The disappearance of the pronounced effect of the ionic charge on the coagulation concentration confirms the specific mechanism or stabilization of lyophobic sols by these substances.
INFORMATION ON SURFACE FORCES, BASEDON KINETIC EFFECTS IN DISPERSED SYSTEMS AND CAPILLARIES
When a liquid flows through a porous body or a capillary, the energy carried by unit mass differs from the specific enthalpy of the liquid in the bulk owing to the liquid boundary layers drawn into the flow, which are distant enough from the surface to possess fluidity, but still differ in specific enthalpy from the bulk phase due to surface effects. It can easily be shown20 that the excess near-wall enthalpy flow is:
where 7J = the viscosity at distance h from the sliding plane, e = the specific enthalpy, and T = the shear stresses acting near the capillary walls, caused by the pressure gradient along the flow. In the simplest case of capillaries with radii much larger than the zone thickness, for which E =f=. E 0 , parallel to each other (but not necessarily of identical radii), assuming ,., to be independent of h, the following expression for the excess flow of energy per unit area ofthe partition can be written instead of (16) 
where !l P = the pressure drop across the ends of the capillaries, 8 = their total cross-sectional areaper unit area of the partition (porosity), and:
0 is the first moment of enthalpy of the boundary layer, having the dimnesion erg/cm. According to the first law of thermodynamics the excess flow of energy should give out the same quantity of heat each second at the filter outlet as it absorbs at its inlet. · In a steady state under the influence of these heat effects a temperature drop ß T Luilds up between the mouths of the capillaries; neglecting the heat of friction, the heat balance equation in this case results in the relation:
where Cp = the specific heat of the liquid at constant pressure, ,\ = the thermal conductivity of the partition filled with the liquid, and where the mass discharge of the Iatter, M, equals, according to Darcy's Iaw: 20) where p = the density of the liquid, and a = the coefficient of filtration.
From (19) and (20) is obtained:
where !l T/2 = the lowering of the temperature at the entrance to the capillary relative to the initial temperature of the flow. At low !lP values !l Tf2 ,.....; !l P. At !arger values of llP, !l T/2 reaches the constant value:
pa Cp (22) measurement ofwhich makes it possible to find x ifthe coefficient offiltration is known ( at low !lP this can be clone only if the sensitivity of the temperature measurements is high). Measurements carried out by Arutyunyan confirmed the existence of the ß T effect for a number of polar liquids, including watert.
tin reference 22 the Ll T vs. water discharge curves are distorted in error, and the correct quantitative data are those given here.
As was shown by means of the Onsager principle 2 0, this mechano-caloric effect Ieads to another, i.e. thermo-osmosis, or movement of liquid under the influence of a temperature gradient, if there is no pressure drop present. This effect has also been observed for water21.
Similarly, capillary osmosis, the flow of a liquid through a capillary porous partition, arises to an extent dependent on the change in concentration of the dissolved molecules near the surface of the pores, relative to their concentration in the bulk. The theory of this effect23 was developed parallel with its experimental detection. Evidently, the phenomenon of "anomalous osmosis" described earlier is of a similar nature.
To study it more accurately under quasi-steady conditions the experimental scheme shown in Figure 8 was employed by Milyokhina24: cell A was divided with a porous Schott glass B into two sections containing the solution at different concentrations and equipped with magnetic stirrers. By opening the cock C of a capillary shunt a compensating flow could be made to bypass the filter to eliminate any counter-pressure due to capillary-osmotic transfer through the filter pores. The rate of convective transfer of liquid through the filter was determined by means of a radioactive tracer. With cock C closed the loss of the tracer was insignificant and the corresponding correction for tracer diffusion could be made if necessary. Figure 9 shows the course ofloss of the radioactive tracer due to capillary osmosis in counts per minute as a function of time for the case where the concentration of alcohol in water was 10 per cent below the filter and zero above it. The lower curve corresponds to the case where the concentration was 10 per cent throughoat.
Hence, the characteristic constant for the effect can be calculated theoretically:
where c = the alcohol concentration in molefcm3 at a distance h from the Another essentially similar phenomenon is the diffusiophoresis of solid particles in solutions, which was also detected experimentally 2 5. The net result of the study of these effects on various solutions is the universal existence of a diffuse distribution of dissolved molecules, which is, of course, in addition to the possible existing monolayer adsorption, which cannot be detected by this method. However, the latter is a valuable feature of the method. In cantrast to this case, the chief contribution to calorimetric measurements of the superficial specific heat of disperse systems with a developed surface is that of a few monolayers, the contribution of the subsequent layers being small compared with this.
An exception, according to Popovsky's measurements26, is the system nitrobenzene-glass, if the surface of the latter has been activated in an electric glow discharge. In this case the deviation of the specific heat of the system from additivity is so great and depends on the thickness of the nitrobenzene layers, which changes as it fills the pores, in such a way that great changes in enthalpy in layers down to 0·1 1-l in thickness are indicated. However, the effect falls off sharply if the glass powder is treated with a solution ofhydrofluoric acid or ifit is heated to ll0°C. It is noteworthy that the addition of 0·024 per cent of nitrobenzene to the benzene induces a sharp lowering of the specific heat in the latter when mixed with activated glass powder.
Deviation from the bulk properties in layers of still greater thickness was observed by Metsik27 when studying the heat conductivity of a stack of mica sheets separated by water interlayers. The thermal conductivity ofsuch a "layer cake" was found to be so high that, in order to explain it, it was necessary to assume that the thermal conductivity of water interlayers 0·1 1.1. in thickness parallel to their spread exceeds the thermal conductivity of water in the bulk by more than tenfold. This is unquestionably an indication of the more orderly structure of thin layers of water as compared with the liquid in bulk.
The disappearance of the anomalaus thermal expansion of water near 4 oc which has been observed by Fedyakin28 in glass capillaries of 200 A radius and by Karasev 2 9 and Deryaguin in the pores of highly dispersed quartz, is also unquestionable evidence of a different, denser (by ~ 1 per cent) struc~ ture of the water in these pores, relative to the bulk. As is known, the viscosity of liquids is very sensitive to their structure. In accordance with this, the filtration of water through filters and powders having pores of less than 0·05 fJ. in radius can be interpreted quantitatively only by assuming that the viscosity ofthin layers is higher than the bulk value30, However, at high electrolyte concentrations ( i.e. ofthe order of 1 N) this rise falls off and this may be attributed to contraction of the boundary phases under the influence of the osmotic pressure drop at their interfaces with the bulk of the liquid, if it is assumed, in keeping with capillary osmosis data, that the concentration near the wall is lowered.
The use of a special method made it possible to follow in greater detail the change in viscosity with the distance from the solid wall. This method may be called the blow-off method. The results of these sturlies published so far31 leave no shadow of doubt that the viscosity in polymolecular boundary layers of polar liquids differs from that of the bulk (being sometimes lower, but more frequently higher). On the whole, there is a clear tendency for the thickness to increase with increasing length of the liquid molecules. In some cases, e.g. that of hexaethoxydecane, the viscosity is several tim es high er in a boundary layer of about 0·3 fJ. thick near the walls.
It should be pointed out that for some reason these facts have not received the attention they deserve, perhaps owing to the novelty of both the facts and the technique. An attempt to explain them by "roughness" of the substrate32 can be due to nothing but inattentive reading of the text of the publications. This explanation is obviously a general one but it is demon~ strated in the corresponding articles that for non-polar liquids on the same surfaces the viscosity on approaching the wall remains constant down to thicknesses of 10-100 A.
While requiring for their explanation the assumption of a specific structure ofthe boundary layers, the series of effects discussed leaves unsolved the question of the nature of this structure. I ts most important feature must be the anisotropy caused by the action of the interface. A proof of this anisotropy was obtained by Deryaguin and Green-Kelly33 when studying the change in birefringence of montmorillonite due to swelling in liquids. The observed retardation of rays passing parallel to the basal plane was calcu~ lated by Wiener's formula with allowance for the birefringence of the elementary silicate layers of the montmorillonite, but assuming the liquid interlayers to be optically isotropic. The difference between the theoretical and experimental values of the retardation could be used to find the contribution of the liquid interlayers; the thickness of the latter was calculated by the measured extent of swelling in agreement with X-ray diffraction data and was altered for water by changing the concentration of sodium chloride in it. In this way it was possible to find the birefringence, i.e. the difference between the indices of refraction of the liquid interlayers for the electric vectors normalandparallel to the surfaces. For water interlayers A thick the value of birefringence was found to be lln = + 0·002 to 0·003 which is somewhat higher than the birefringence ofice and about ten times that of the contribution that can be attributed to the Kerr effect in electrical double layers. A value of the same order, lln = + 0·002, was observed for interlayers 30-40 A thick when dodecylammonium montmorillonite was placed in pyridine and nitrobenzene.
The specific structure of polymolecular layers of these liquids follows from the fact that the monolayer complexes of dodecylammonium montmorillonite with pyridine and nitrobenzene gave values of lln = 0 and lln = -0·004 respectively.
A specific anisotropic structure in the boundary layers ofliquids is possible only if the freedom of rotation of the molecules is more limited than in the bulk. An inevitable consequence of this is the lower value of the dielectric permeability of liquids with dipole molecules. This conclusion is confi.rmed by measurements of the dielectric permeability of adsorbed water Iayers34. U nfortunately, data are not available for a sufficiently wide range of thicknesses ofwater films on flat hydrophilic surfaces. Available data concerning the influence of metallic surfaces obviously do not contradict the conception developed here owing to the absence of hydrophilic functional groups on metals.
The oldest sphere ofkinetic phenomena in which the approach based on the diffuse three-dimensional structure of the layers has been dominant from the start, is the sphere of electrokinetic phenomena. As aseparate report by Dukhin is devoted to the new developments in this sphere, I shall confine myself to only one point35.
In a state of equilibrium the field of the ions adsorbed in the Stern layer is screened within the limits of the diffuse double layer of a definite thickness without passing beyond its Iimits. However, if the equilibrium double layer is disturbed by a flow ofthe solution or by an outer electric field, this screening is prevented and a secondary diffusional double layer arises36 of the order of thickness of the diffusional boundary layer, which may be several orders thicker than the diffuse layer. For solid surfaces this necessitates a correction, the relative value of which depends on a number of conditions. The situation is different with electrokinetic phenomena at liquid interfaces, for instance with the Dorn effect37 or the electrophoresis of bubbles38, In this case taking account of the deformation of the double layer gives the main contribution to the effects in question under certain conditions (say, in strong solutions). Thus, a considerably thicker boundary zone of the bulk phases than was accepted previously appears tobe involved ·in this range of surface phenomena too. Conversely, the properties of monolayers may influence phenomena occurring at macroscopic distances from them.
ROLE OF SURFACE FORCES IN HETEROGENEOUS CONDENSATION
Considering the very great technical importance of the condensation of vapours on the surface of a foreign phase, it is surprising how few papers have been published on the study of this phenomenon even under the simplest conditions. I t is especially surprising because as far back as 1937 really striking phenomena were observed in the remarkable work of Bangham39 on the condensation of the vapours of a number of liquids on fresh mica surfaces. Somewhat later there appeared the papers of Chmutov40 and Shereshefsky41 who found Kelvin's formula to be inapplicable to capillary condensation in large cracks and capillaries. Possibly, the Iack of attention in this field is due to the prejudiced view that there can be nothing essentially new in it and that any facts that do·not fit in with conventional schemes are tobe doubted. Taking the risk of evoking a similar attitude, I shall take the liberty of reporting some sturlies of how the adsorption layer of a liquid changes into the volume phase; thesesturlies are based on measurements of the thicknesses of these layers in eq:uilibrium with the vapour of a pre-set relative pressure PIPs using a sensitive micropolarization optical procedure by means of which the topography of the thicknesses can also be observed. This procedure was first employed by Deryaguin and Zorin42, and it was found that the isotherm of polymolecular adsorption of water, alcohols, and nitrobenzerre on optically smooth glass intersects the saturation ordinate (PIPs= I) and, therefore, the bulk phase cannot be obtained by continuously thickening the adsorption layer on approaching the saturation point. This phenomenon could be attributed to the fact that the disjoining pressure proportional to the partial molar free energy of the adsorption layer, does not vary continuously with the thickness of the layer. However, for the adsorption of benzene vapour on mercury, studied recently by Zorin43, a picture was obtained which definitely could not be interpreted in this way.
In this case two branches of the adsorption isotherm are found to exist (Figure 10 ), which may cause pronounced adsorption hysteresis despite ideal Figure 10 . Two branches of the isotherm of polymolecular adsorption of benzerre on mercury smoothness of the substrate surface. By observing the mercury surface under oblique illumination by polarized monochromatic light the co-existence of adsorption layers of two different thicknesses could be detected in a definite range ofvapour pressures; these layers are shown in plan and cross-section in the diagrams in Figure 11 . Here different equilibrium thicknesses (that they . -. Figure 11 . Existence of sections of two modifications of adsorbed films of different thickness.
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( a) In plan; ( b) in cross-section are equilibrium value is evident from the fact that the thicknesses are uniform) correspond to the same vapour pressure. Conversely, intersecting both branches of the adsorptionisotherm with a straight line corresponding to adefinite thickness (say, 60 A), twodifferentvapour pressures are obtained for films of the same thickness. This is decisive proof of structural polymorphism in such films, which can therefore have two different structures, at least one ofwhich does not coincide with the bulk structure of the liquid.
It is very interesting that the adsorption isotherm corresponding to the !arger thicknesses could not only be traced by Zorin in the PIPs > 1 region where it corresponds to metastable equilibrium ( thicknesses in the range 220-360 A), but coincided as well with one part of the curve shown as a dotted line in Figure 10 , which was obtained by Scheludko and Platikanov44 by an entirely different method based on calculating the negative disjoining pressure II from the rate of thinning of a microscopic benzene film under a gas bubble on mercury. Account should be taken of the fact that there is a thermodynamic relationship between II and the adsorption isotherm:
where V= the molar volume ofthe liquid, which makes it easy to pass from the disjoining pressureisotherm tothat ofpolymolecular adsorption and vice versa. According to Zorin, the bulk phase of the benzene appears, jumpwise, in the form of micro-lenses which arise spontaneously on the surface of a layer 360 A thick on appropriate Supersaturation of the vapour.
Thus, two jumps are necessary in this case for the appearance of the bulk phase, the first corresponding to transi tion from one adsorption isotherm to the other and accompanied by an obligatory change of film structure ( at least of its outer part) and the second, corresponding to the formation of bulk benzene nuclei, for which the mechanism of the structural change is not clear.
In conclusion I should like to emphasize that the most interesting discoveries are undoubtedly yet to be made, and the principal object of what I have said here is to show how unjustified it would be to confine the development of the science of surface phenomena only to classical trends.
